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[57]

ABSTRACT

According to the invention, the proposed sequential
computing system comprises at least one sequential
computer and includes registers connected in series, an
auxiliary accumulator register and a Link register,
which are connected via gates to an adder, an address
counter, a program matrix, a synchroprogram matrix
and a microinstruction matrix connected in series via
input and output signal commutation devices, an ad-
dress counter control unit connected to the program
matrix, the address counter and the Link register, and a
controlled synchronizer connected to the input and

output signal commutation devices of the synchropro-
gram matrix. The outputs of the microinstruction ma-
trix are connected to the control inputs of the gates. The
invention makes it possible to use different systems on a
single computer to solve simple problems, or on a num-
ber of computers to solve complicated mathematical
problems and problems of management, as well as to
evolve programmable systems.

18 Claims, 12 Drawing Figures
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1
SEQUENTIAL COMPUTING SYSTEM

The present invention relates to data processing and,
more particularly, to sequential computing systems.
The invention is applicable in the designing of comput-
ing systems. At present, individual objects are most
effectively controlled by systems of minicomputers.

There are known minicomputers to control different

objects; it should be noted, however, that such mini- 10

computers are not practicable as far as calculation is
concerned.

Calculations are normally done with the aid of calcu-
lators. Calculators of the most sophisticated types can
operate in conjunction with other computers; they are
similar to minicomputers in that they can control pe-
ripheral equipment. |

There is a2 growing demand, however, for a comput-
ing system composed of a number of computers. Each
of these computers must be based on the minicomputer
principle and, on the other hand, must be able to operate
as a calculator. The major problem in this connection is
the unification of computers, whereby it may become
possible to minimize the production costs of computers
intended for different purposes, which are employed in
a computing system. The present invention provides a
partial solution to the problem of computer unification.

An increase in the range of functions performed by
each computer in such a computing system involves a
substantial increase in the cost of equipment. On the
other hand, the use of the sequential method of data
processing in accordance with the present invention

makes it possible to considerably reduce the cost of

equipment.

There is known a sequential computing system com-
prising, for example, one computer.

The known computer comprises first, second, third
and fourth shift registers, each having an input and an
output. The capacity of the fourth register is four bits.

The output of the first register is connected via a first
gate to its mput and the input of the second register.
The output of the second register is connected via a
second gate to the input of the third register and the
input of the fourth register. The output of the fourth
register is connected via a third gate to the input of the
third register.

The computer has an adder with two inputs and an
output. One of the inputs of said adder is connected via
a fourth gate to the output of the second register; the
second input of said adder is connected via a fifth gate
to the output of the third register; the output of said
adder 1s connected via a sixth gate to the input of the
first register. The computer further includes a seventh
gate whose output is connected to the input of the first
register, the input of said seventh gate being connected
to an input bus. The output of the third register is con-
nected via an eighth gate to the input of the first regis-
ter.

The computer also includes a microinstruction matrix
with an input decoder whose inputs are connected to
outputs of an address counter. Qutputs of the microin-
struction matrix are connected to control inputs of the
gates in order to apply control signals to said gates to

carry out operations of addition, as well as shift and

transfer operations. -
The high degree of ordering in the structure o
known computing systems, which comprise registers
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and matrices connected in series, makes it possible to
produce computing systems on the basis of 1.SI circuits.

The known computer under review operates as fol-
lows.

The registers store information entered via the sev-
enth gate, whereto there has been applied a control
signal from the microinstruction matrix. Circulation of
information in the registers is effected by applying con-
trol signals to the second and eighth gates.

Addition 1s performed with the aid of the adder. As
control signals are applied to the fourth and fifth gates,
there takes place a transfer of the contents of the second
and third registers to the adder which adds up the con-
tents of the second and third registers. As a control
signal 1s applied to the sixth gate, the result of the addi-
tion is transmitted via the conducting sixth gate to the
first register to be stored there.

The transfer of the contents of one register to another
is effected through the adder by applying control sig-
nals to the fourth and sixth gates.

The transfer of the registers’ contents in the opposite
direction, i.e. the transfer of the contents of the first
register to the second, while preserving the original
contents in the first register, is carried out via the con-
ducting first gate.

A shift operation is effected by applying a control
signal to the third, fourth and sixth gates. As this takes
place, the contents of the third register is transferred to
the fourth register with a shift by one decimal digit.

Addition, shift and transfer operations make it possi-
ble to carry out any calculations.

The sequence of operations is dependent upon the
microprogram. The microprogram is a sequence of
microinstructions stored in the microinstruction matrix.

The sequence of microinstructions is set by the mi-
croinstruction address counter. Each state of the ad-
dress counter corresponds to a microinstruction.

Output signals of the address counter are applied to
the decoder of the microinstruction matrix. The de-
coder selects one of the matrix’s numerous buses, which
bus determines the set of control signals to be applied to
the gates to carry out the prescribed microinstruction.

A change in the state of the address counter is fol-
lowed by carrying out the next microinstruction. Thus
there are selected the prescribed microinstructions
which make up a specified microprogram.

‘The computing system under review possesses a lim-
1ted set of microinstructions, for which reason it cannot
be used to control peripheral equipment and technologi-
cal processes. The connections between individual units
of the known computing system do not make it possible
to umitize said system.

It 1s an object of the present invention to provide a
sequential computing system comprising at least one
computer with an enlarged set of microinstructions,
which would be able to solve mathematical problems
and problems of controlling peripheral equipment and
technological processes and which would have a struc-
ture that would make it possible to unitize and repro-
gram the computing system, and which structure would
be ordered so that the computing system can be built
around a single LSI crystal.

‘The foregoing object is attained by providing a se-
quential computing system, for solving mathematical
problems and controlling peripheral equipment and
technological processes, comprising at least one sequen-
tial computer having an adder to process information,
registers connected in series which are the main mem-
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ory of the computer, a direct output of the last register
being connected via a first gate to a first input of the
adder, an input of at least one register being connected
via second and third gates to an output of the preceding
register and to a first output of the adder, a microin-
struction matrix to control the gates, which computer
comprises, in accordance with the invention, at least
one accumulator register for temporary storage of a
signal applied thereto from the output of the adder, its
input being connected via a fourth gate to the first out-
put of the adder and via a fifth gate, to its own direct
output, the direct and inverse outputs of the accumula-
tor register being connected via sixth and seventh gates
to the second input of the adder, at least one single-digit
Link register to store transfer signals and initiate signals
to control branching of the program depending on sub-
products of calculations, its input being connected via
an eighth gate to its direct output and via a ninth gate,
to the second output of the adder, the input of the first
register of the series connected memory registers being
connected via a tenth gate to the direct output of the
last register of the series connected memory connected
registers, via an eleventh gate to the direct output of the
accumulator register and via a twelfth gate to the out-

put of at least one more register of the series connected
memory connected registers, the computer further in-
cluding a program matrix with a device for commuta-

tion of input signals of the program matrix and with a
device for commutation of output signals of the pro-
gram matrix to store and select the program of problems
to be solved, a synchroprogram matrix with a device for
commutation of input signals of the synchroprogram
matrix and an output decoder of the synchroprogram
matrix to store and select synchroprograms, each syn-
chroprogram being a sequence of addresses of microin-
structions, a controlled synchronizer for double-peri-
odic synchronization of the computer units comprising
at least three counters connected in series to initiate
time-separated clock signals and at least one control
signal forming unit connected to a the outputs of the last
in sequence counter of the controlled synchronizer, a
device for commutation of input signals of the microin-
struction matrix being connected to the output decoder
of the synchroprogram matrix, the device for commuta-
tion of input signals of said synchroprogram matrix
being connected to the device for commutation of out-
put signals of the program matrix, thereby making up a
two-level system of data processing control, the device
for commutation of input signals of the synchroprogram
matrix being connected to one counter of the controlled
synchronizer, the output decoder of the synchropro-
gram matrix being electrically coupled to the control
signal forming unit of the controlled synchronizer to set
a sequence of microinstructions, the inputs of the device
for commutation of input signals of the program matrix
being connected to the outputs of an address counter
whose first group of inputs is connected to respective
outputs of the device for commutation of output signals
of the program matrix, and whose second group of
inputs is connected to the outputs of an address counter
control unit, whose first group of inputs i1s connected to
respective outputs of the device for communication of
output signals of the program matrix, and whose second
group of inputs has one input connected to an output of
a respective counter of the controlled synchronizer and
another input connected to the direct output of the

single-digit Link register.
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4

It is expedient that in the proposed sequential com-
puting system, at least one computer should include
thirteenth gate for carrying out a disjunction operation,
said gate being placed between the direct output of the
last register and the second input of the adder.

It is desirable that in at least one computer of the
proposed sequential computing system, the sertes con-
nected memory registers and the accumulator register
should be four-digit shift registers, all the gates and the
adder should be single-channel circuits, and the first
counter of the controlled synchronizer should be for
determining the time required to process four bits of
information.

It is desirable that in at least one computer of the
proposed sequential computing system, the accumula-
tor register and the series connected memory registers
should be multichannel shift registers, while the adder
and all the gates should be multichannel circuits, the
control inputs of the multichannel gates being combined
and connected to the outputs of the microinstruction
matrix.

It is preferable that in at least one computer of the
proposed computing system, the electric connection
between the output decoder of the synchroprogram
matrix and the control signal forming unit of the con-

trolled synchronizer should be effected through a syn-
chroprogram commutation unit, which is used to

change the sequence of selecting microinstructions,
which is set by the synchronprogram matrix, its first
group of inputs being connected to the outputs of the
control signal forming unit of the controlled synchro-
nizer, its second group of inputs being connected to
respective outputs of the device for communication of
output signals of the program matrix, and its outputs
being connected to inputs of the output decoder of the
synchroprogram matrix.

It is expedient that at least one computer of the pro-
posed sequential computing system should include an
address register to produce complex branching of the
program, a first group of its inputs being connected to
respective outputs of the device for commutation of
output signals of the program matrix, a second group of
inputs being connected to outputs of the control unit of
the address counter, a third group of inputs being con-
nected to control inputs of the computer, and at least
one more input being connected to one of the series
connected memory registers, the outputs of the address
register being connected to respective inputs of the
address counter.

It 1s also expedient that at least one computer of the
proposed sequential computing system should include
an output matrix with a device for commutation of
input signals for the output of information, outputs of
sald matrix being connected to control output of the
computer, a code conversion unit, at least one of its
inputs being connected to one of the series connected
memory registers, and another of .its inputs being con-
nected to one output of the second counter of the con-
trolled synchronizer, its outputs being connected to
inputs of the device for commutation of inputs signals of
the output matrix whose outputs are connected to in-
puts of the output matrix.

It is preferable that in at least one computer of the
proposed sequential computing system, the additional
control inputs of the second, third, tenth, eleventh and
twelfth gates at the inputs of the series connected mem-
ory registers should be connected to an additional out-



14,090,246

S

put of the device for commutation of output signals of
the program matrix.

It 1s also preferable that at least one computer of the
proposed sequential computing system should include
two ok circuits and an AND circuit to form constants

required for carrying out operations involving decimal
numbers, inputs of the first ok circuit being connected
to respective outputs of the first counter of the con-
trolled synchronizer, an output of the first ok circuit
being connected via a fourteenth gate to the second
input of the adder, the same outputs of the first counter
of the controlled synchronizer being connected to re-
spective inputs of the second ok circuit whose output is
connected to a first input of the AND circuit whose
second input is connected to the inverse output of the
single-digit Link register, an output of the AND circuit
being connected via a fifteenth gate to the first input of
the adder, which is connected via a sixteenth gate to the
inverse output of the last register of the series connected
memory registers, the third input of the adder being
connected via a seventeenth gate to the direct output of
the single-digit Link register.

It 1s expedient that at least one computer of the pro-
posed sequential computing system should include a
flip-flop to enter digital information from peripheral
devices into the computer, an input of said flip-flop
being connected to an output of a multiple-input gate

whose group of inputs is connected to respective inputs

of the address register, and whose additional input is
connected to a respective output of the address counter
control unit, an output of said flip-flop being connected
to a respective input of the address counter control unit
and, via an eighteenth gate, to the third input of the
adder.

It is also expedient that in order to synchronize the
units of the computing system, at least one computer of
sald system should be provided with a synchronization
input and a synchronization output respectively con-
nected to the input of the first counter and the output of

d>
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the last counter of the controlled synchronizer, a re- 40

spective output of the first counter being connected via
a nineteenth gate to the third input of the adder.

It 1s preferable that at least one computer of the pro-
posed sequential computing system should have a twen-
tieth gate to connect the direct output of the accumula-
tor register to the separated output of the computer, and
additional series connected register to expand the main
memory of the computer, the output of the last register
of the additional series connected registers being con-
nected via a twenty-first gate to the separated output of
the computer and via a twenty-second gate to the first
input of the adder, the input of the first register of the
additional series connected registers being connected to
the separated input of the computer.

It is expedient that the computing system should
comprise a prescribed number of sequential computers,
each of which being similar to the above-described
computer, connected so that the separated input of each
preceding computer 1s connected to the separated out-
put of the following computer, whereas the separated
input of the last computer 1s connected to the separated
output of the first computer whose synchronization
output is connected to synchronization inputs of all the
foliowing computers.

It is expedient that the computing system comprising
three sequential computers should include at least one
external shift register comprising an output bufier de-
vice to connect the external shift register to a respective
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computer, an input of the external shift register being
connected to a seperated output of the first computer,
whereas the output buffer device is connected to the
separate input of the last computer.

It is also expedient that in the proposed computing

system, the output buffer device of the external shift
register should include two followers, each comprising
a first FET transistor whose drain is connected to a first
clock pulse bus, its gate being connected to an input of
the follower, whereas its source is connected to an
output of the follower and the drain of a second FET
transistor whose gate is connected to a second clock
pulse bus, its source being connected to a common bus,
there being placed between the gate and source of the
first FET transistor a positive feedback capacitor, the
input of the first follower being connected to an output
of an inverter whose input is connected to an input of
the buffer device and the drain of a third FET transistor
whose gate is connected to the second clock pulse bus,
the output of the first follower being connected to the
gate of a fourth FET transistor whose drain is con-
nected to a first supply bus, its source being combined
into a common point with the drain of a fifth FET
transistor, whose source is connected to the common
bus, and whose gate is connected to the output of the
second follower, and the gate of a sixth FET transistor,
whose source is connected to the common bus, and
whose drain is combined into a common point with the
source of a seventh FET transistor whose drain is con-
nected to the first supply bus, and whose gate is com-
bined with the source of the third FET transistor and
the mput of the second follower, there being connected
to the common point, formed by the source of the sev-
enth FET transistor and the drain of the sixth FET
transistor, the gate of an eighth FET transistor whose
drain 1s connected to a second supply bus, and whose
source 1S combined with the output of the buffer device
and the drain of a ninth FET transistor, whose source is
connected to the common bus, and whose gate is con-
nected to the common point formed by the source of the
fourth FET transistor, the drain of the fifth FET tran-
sistor and the gate of the sixth FET transistor.

It is also expedient that in at least one computer of the
proposed sequential computing system, the instruction
address counter should be a system of flip-flops con-
nected 1n series via gates, in which system the output of
the penultimate flip-flop is connected via an inverter
and a gate to the mput of the first flip-flop.

It 1s preferable that in the proposed computing sys-
tem, the device for commutation of input signals of the
matrices should include a decoder to provide for con-
duction between the common input and one of the out-
puts of the decoder, depending upon which code has
been applied to the address inputs of the decoder, first
and second exciting circuits of the decoder, an output of
each of said circuits being connected to a respective
address input of the decoder, a discharge device whose
inputs are connected to outputs of the decoder and
inputs of a respective matrix, and an inverter whose
output i1s connected to the common input of the de-
coder, and whose input 1s connected to a first clock
pulse bus. Each of the first exciting circuits of the de-
coder includes a first FET transistor whose drain is
connected to an address signal bus, whose gate is con-
nected to a second clock pulse bus, and whose source is
connected to the gate of a second FET transistor whose
source 1s connected to a third clock pulse bus, and
whose drain 1s connected to an output of said first excit-
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ing circuit of the decoder, there being placed between
the drain and gate of the second FET transistor a post-
tive feedback capacitor. Each of the second exciting
circuits of the decoder includes a third FET transistor
whose source is connected to the second clock pulse
bus, whose gate is connected to the address signal bus,
while its drain is connected to the source of a fourth
FET transistor, whose gate and drain are connected to
the second clock pulse bus, and the gate of a fifth FET
transistor whose drain is connected to an output of said
second exciting circuit, and whose source is connected
to the third clock pulse bus, there being placed between
the source and gate of the fifth FET transistor a switch-
able capacitor whose control electrode is connected to
the gate of the fifth FET transistor, and whose other
electrode is connected to the source of the same transis-
tor. The discharge device comprising FET transistors
whose drains are connected to inputs of the discharge
device, whose gates are connected to the first clock
pulse bus, and whose sources are connected to the com-
mon bus.

It is also preferable that in at least one computer of
the proposed sequential computing system, the device
for commutation of output signals of the program ma-
trix should comprise a decoder to provide for conduc-
tion between its inputs and outputs, depending upon
which code has been applied to the address inputs of the
decoder, first and second exciting circuits of the de-
coder, an output of each of said circuits being con-
nected to a respective address input of the decoder, and
a charger whose outputs are connected to the inputs of
the decoder and outputs of the program matrix. Each of
the first exciting circuits of the decoder includes a first
FET transistor whose drain is connected to an address
signal bus, whose gate is connected to the second clock
pulse bus, and whose its source is connected to the gate
of a second FET transistor whose source is connected
to the third clock pulse bus, and whose drain is con-
nected to an output of said first exciting circuit, there

J
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being placed between the drain and gate of the second 40

FET transistor a positive feedback capacitor. Each of
the second exciting circuits of the decoder includes a
third FET transistor whose source is connected to the
second clock pulse bus, whose gate is connected to the
address signal bus, and whose drain is connected to the
source of a fourth FET transistor, whose gate and drain
are connected to the second clock pulse bus, and the
gate of a fifth FET transistor whose drain is connected
to an output of said second exciting circuit, and whose
source is connected to the third clock pulse bus, be-
tween the source and gate of the fifth FET transistor
there being placed switchable capacitor whose control
electrode is connected to the gate of the fifth FET
transistor, and whose other electrode is connected to
the source of the same transistor. The charger compris-
ing FET transistors whose sources are connected to
outputs of the charger, whose gates are connected to
the first clock pulse bus, and whose drains are con-
nected to the supply bus.

It is also preferable that each computer of the pro-
posed sequential computing system should be built
around a single semiconductor substrate.

The present invention substantially reduces the de-
signing and manufacturing costs of computing systems,
for computer incorporated into each system are of the
same structure and differ only in the way their matrices
are threaded (which provides for reprogramming of a
computer); the threading of matrices is altered by re-
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placing only one masking element when manufacturing
an LSI circuit. A masking element is a mask with holes
whose location is determined by the computer’s soft-
ware.

The proposed sequential computing system performs
the functions of a minicomputer, so it can be used to
control peripheral equipment and technological pro-
cesses, as well as to solve mathematical problems.

Other objects and advantages of the present invention
will become more apparent from the following detailed
description of preferred embodiments thereof taken in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a block diagram of a sequential computing
system comprising one sequential computer, 1n accor-
dance with the invention;

FIG. 2 is a block diagram of a sequential computing
system comprising three sequential computers and ex-
ternal registers, in accordance with the invention;

FIG. 3 is a block diagram of an instruction address
counter of a sequential computer, in accordance with
the invention;

FIG. 4 1s an electrical diagram of an output buffer
device of an external register of a sequential computer,
in accordance with the invention;

FIG. 5 is an electrical diagram of a device for com-
mutation of input and output signals of program, syn-
chroprogram, microinstruction and output matrices of a
sequential computer, in accordance with the invention;

FIGS. 6a and 6b are voltage time plots of clock
pulses, illustrating operation of the output buffer device
of the external register of a sequential computer, in
accordance with the invention;

FIGS. 7a, 76 and 7c are voltage time plots of clock
pulses, illustrating operation of the devices for com-
muntation of input and output signals of the matrices, in
accordance with the invention;

FIG. 8 is a table of alterations of information in the
series connected memory registers 2,, . . . , 23 when
carrying out circulation microinstructions, in accor-
dance with the invention; and

FIG. 9 is a table of alterations of information in the
series connected memory registers 2y, . . . , 236 when
carrying out the operation of replacing the word a by
the word b, in accordance with the invention.

Consider now the embodiment wherein a sequential
computing system for solving mathematical problems
and controlling peripheral equipment and technological
processes comprises a sequential computer 1 (FIG. 1).
The computer 1 has registers 2, ..., 2, ..., 2,, ...,
2, connected in series.

A direct output 3 of the last register 2,1s connected
via a gate 4 to a first input S of an adder 6.

An input of the register 2i is connected via respective
gates 7 and 8 to an output of the preceding register 2,
(not shown) and a first output ¢ of the adder 6.

The sequential computer 1 also includes a microin-
struction matrix 10 having outputs 10,, . . ., 10,

According to the invention, the computer 1 further
comprises an accumulator register 11 whose input is
connected via a gate 12 to the output 9 of the adder 6
and via a gate 13 to its own direct output 14.

The direct output 14 of the accumulator register 11 is
connected via a gate 135 to a second input 16 of the adder
6. An inverse output 17 of the accumulator register 11 is

connected via a gate 18 to the second input 16 of the
adder 6.
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The computer 1 further comprises a single-digit Link
register 19 whose input is connected via a gate 20 to its
direct output 21 and via a gate 22 to a second output 23
of the adder 6.

An input of the register 2, is connected via gates 24,
25 and 26 to the direct output 3 of the last register 2,, the
direct output 14 of the accumulator register 11 and an
output of the register 2,, respectively.

The computer 1 includes a program matrix 27 with
devices 28 and 29 for commutation of input and output
signals, respectively, a synchroprogram matrix 30 with
a device 31 for commutation of input signals and an
output decoder 32, and a controlled synchronizer.

The controlled synchronizer comprises three count-
ers 33, 34 and 35 connected in series and a control signal
forming unit 36 connected to the counter 385.

A device 37 for commutation of input signals of the
microinstruction matrix 10 is connected to the output
decoder 32 of the synchroprogram matrix 30.

The device 31 for commutation of input signals of the
matrix 30 is connected to the device 29 for commutation
of output signals of the program matrix 27.

The device 31 for commutation of input signals is
connected to the counter 34. The output decoder 32 is
electrically coupled to the control signal forming unit
36 of the controlled synchronizer. Inputs of the device
28 for commutation of input signals of the program
matrix 27 are connected to outputs of an address
counter 38 whose inputs 39 are connected to outputs 40
of the device 29 for commutation of output signals of
the program matrix 27, the other inputs of the counter
38 being connected to outputs 41 of an address counter
control unit 42. -

Inputs 43 of the unit 42 are connected to respective
outputs of the device 29 for commutation of output
signals of the program matrix 27. Inputs 44 of the unit 42
are connected to respective outputs of the counter 35 of
the controlled synchronizer; its input 45 is connected to
the output 21 of the single-digit Link register 19.
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The input of the first counter 33 1s connected to the 40

synchronization input 46 of the computer 1. Qutputs of
the counter 35 are connected to the synchronization
outputs 47 and 48 of the computer 1.

An output 49 of the counter 33 is connected via a gate
50 to a third input 51 of the adder 6. |

Other outputs 52 of the counter 33 are connected to
inputs of a or circuit 33 whose output is connected via
a gate 54 to the second input 16 of the adder 6.

The same outputs 52 of the counter 33 are connected
to inputs of another or circuit 55 whose output 1s con-
nected to an input 56 of an AND circuit 57. Another
input 58 of said AND circuit §7 i1s connected to the
inverse output of the single-digit Link register 19. An
output of the AND circuit 57 is connected via a gate 59
to the first input 5 of the adder 6. |

The first input 5 of the adder 6 is also connected via
a gate 60 to an inverse output 3’ of the register 2,.

The third input 51 of the adder 6 1s connected via a
gate 61 to the direct output 21 of the single-digit Link
register 19.

According to the invention, the computer 1 has a gate
62 whose input 63 is connected to the direct output 3 of
the register 2, and whose output is connected to the
second input 16 of the adder 6.

According to the invention, the computer 1 includes
a gate 64, which connects the direct output 14 of the
accumulator register 11 to an output 65 of the computer
1, and additional registers 66, . . . , 66, connected in
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series. An output of the register 66,is connected via a
gate 67 to the same output 63 of the computer 1 and via
a gate 68 to the first input 5 of the adder 6.

An input of the register 66,1s connected to an input 69
of the computer 1.

According to the invention, in the embodiment of the
computer 1 under review, all the registers 2,, . . ., 2, 2,
2p . .. 2, as well as 11 and 66, . . . , 66,, are four-digit
registers; the adder 6 and all the gates 4, 7, 8, 12, 13, 15,
18, 20, 22, 24, 25, 26, 50, 54, 59, 60, 61, 62, 64, 67 and 68
are single-channel.

According to an alternative embodiment of the com-
puter 1, all the registers 2y, ..., 2,, 11 and 66, . . . , 66,
the adder 6 and 2all the gates 4, 12, 13, 20, 22, 64, 67, 24,
23, 20, 60, 68, 59, 15, 18, 54, 61, 50, 62 and & may be
multichannel. The control inputs of each multichannel
gate are combined and connected to the outputs of the
microinstruction matrix.

According to the invention, the computer 1 includes
a synchroprogram commutation unit 70 whose inputs
71 are directly connected to the outputs of the control
signal forming unit 36 of the controlled synchronizer.
Inputs 72 of the unit 70 are connected to respective
outputs of the device 29 for commutation of output
signals of the program matrix 27. Outputs 73 of the unit
70 are connected to mputs of the output decoder 32 of
the synchroprogram matrix 30.

According to the invention, the computer 1 has an
address register 74 whose group of inputs 75 is con-
nected to respective outputs of the address counter
control unit 42; its other group of inputs is connected to
the outputs 40 of the device 29 for commutation of
output signals of the program matrix 27; a group of
inputs 76 1s connected to control inputs 77 of the com-
puter 1; an input 78 is connected to an output of the
register 2;. Outputs 79 of the address register 74 are
connected to respective inputs of the address counter
38.

According to the invention, the computer 1 com-
prises an output matrix 80 whose outputs are connected
to control outputs 81 of the computer 1. The computer
1 still further comprises a code conversion unit 82
whose inputs 83 are connected to outputs of the register
2. An input 84 of the unit 82 is connected to an output
85 of the counter 34 of the controlled synchronizer.
Cutputs of the unit 82 are connected to mputs of a de-
vice 86 for commutation of input signals, whose outputs
are connected to inputs of the output matrix 80.

According to the invention, the control inputs of the
gates 7, 8, 24, 25 and 26 are connected to outputs 87 of
the device 29 for commutation of output signals of the
program matrix 27, which inputs 87 are also connected
to an input 88 of the code conversion unit §2.

According to the invention, the computer 1 includes
a flip-flop 89 whose mnput 1s connected to a multiple-
input gate 90 whose group of inputs 1s connected to the
inputs 76 of the address register 74; an input 21 of said
gate 20 1s connected to the output of the address counter
control unit 42.

An output 92 of the flip-flop 89 is connected to an
input 93 of the address counter control unit 42 and via
a gate 94 to the third input 51 of the adder 6.

FIG. 2 shows an embodiment of a computing system
which comprises, according to the invention, three
sequential computers 1, 1’ and 1", each constructed as
shown n FIG. 1. |

The three computers 1, 1’ and 1" are connected so
that the input 69 of the first computer 1 is connected to
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the output 65 of the second computer I’ whose sepa-
rated input 69 is connected to the output 65 of the third
computer 1" whose input 82 is connected to the output
65 of the first computer 1, whereas the synchronization
inputs 46 of the second and third computers 1’ and 1"
are connected to the synchronization output 48 of the
first computer 1.

According to the invention, this computing system
includes external shift registers 95,, . . ., 95,, an input of

the shift register 95, being connected to the output 65 of 10

the computer 1; an output buffer device 96 of the exter-
nal shift register 95,is connected to the input 69 of the
last computer 1”.

The synchronization inputs 46 of the second and third
computers 1' and 1” are connected to the external syn-
chronization output 48 of the first computer 1.

The address counter 38 (FIG. 3) comprises a system
of flip-flops 98,, . . . , 98, connected in series via gates
97, ..., 97.,. An output of the flip-flop 98, , is con-
nected via an inverter 99 and a gate 109 to an mput of
the first flip-flop 98,.

Control inputs of the gates 97,, ..., 97,,and 100 are
combined and connected to one of the inputs of the
counter 38, which input is connected to the output 41
(FIG. 1) of the counter control unit 2. The flip-flops
98, ..., 98, (FIG. 3) are connected via gates 163’ and
97'.,...,97 . ,to the respective inputs 39 of said counter
38. Control inputs of the gates 100’ and 97y, ..., 97’
are combined and connected to another input of the
counter 38, which input is connected to the output 41
(FIG. 1) of the counter control unit 42.

The flip-flops 98,, . . . , 98,(FIG. 3) are connected via
gates 100" and 97y, . . ., 97", to respective inputs of
the counter 38, which inputs are connected to the out-
puts 79 (FIG. 1) of the address register 74.

Control inputs of the gates 164" and 97", ..., 97",
(FI1G. 3) are combined and connected to the third input
of the counter 38, which input is connected to the out-
put 41 (FIG. 1) of the counter control unit 42.

According to the invention, the computing system
includes the output buffer device 96 (FIG. 2).

The output buffer device 96 (FIG. 4) comprises 1den-
tical followers 101 and 102. Consider now the follower
101. It comprises a first FET transistor 103 whose drain
is connected to a first clock pulse bus 104, whose gate 1s
connected to an input 105 of the follower 103, and
whose source is connected to an output 106 of the fol-
lower 101 and the drain of a second FET transistor 107.
The gate of the second FET transistor 107 1s connected
to a second clock pulse bus 108 and its source is con-
nected to a common bus 1{%. Between the gate and
source of the first FET transistor 103, there is placed a
positive feedback capacitor 110. The input 105 of the
first follower 101 is connected to an output of an in-
verter 111 whose input is connected to an input 112 of
the buffer device 96 and the drain of a third FET tran-
sistor 113. The gate of the third FET transistor 113 is
‘connected to the second clock pulse bus 183. The out-
put 106 of the first follower 101 is connected to the gate
of a fourth FET transistor 114 whose drain is connected
to a first supply bus 115 and whose source is combined
into a common point 116 with the drain of a fifth FET
transistor 117. The source of the fifth FET transistor
117 is connected to the common bus 102 and its gate is
connected to an output 118 of the second follower 102.
To the common point 118, there is also connected the
gate of a sixth FET transistor 119 whose source is con-
nected to the common bus 109 and whose drain is com-
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bined into a common point 120 with the source of a
seventh FET transistor £21. The drain of the seventh
FET transistor 121 is connected to the first supply bus
115 and its gate is combined with the source of the third
FET transistor 113 and an input 122 of the second fol-
lower 102. To the common point 120, there is con-
nected the gate of an eighth FET transistor 123 whose
drain is connected to a second supply bus 124 and
whose source i1s combined with an output 125 of the
buffer device 96 and the drain of a ninth FET transistor
126 whose source is connected to the common bus 109
and whose gate is connected to the common point 116.

According to the invention, the computer 1 (FIG. 1)
includes the devices 28, 31, 37 and 86 for commutation
of input signals of the matrices 27, 30, 10 and 80.

The commutation device, for example, the device 28
(FIG. 5) for commutation of input signals of the matrix
27, comprises a decoder 127 which ensures conduction
between a common input 128 and one of the outputs 129
of the decoder 127, depending upon which code has
been applied to address inputs 130 of the decoder 127.
The commutation device 28 also comprises first exciting
circuits 131 and second exciting circuits 132 of the de-
coder 127, a discharge device 133 and an inverter 134.

Each of the first exciting circuits 131 of the decoder
127 comprises a first FET transistor 135 whose drain is
connected to an address signal bus 136, whose gate is
connected to a second clock pulse bus 137, and whose
source 1s connected to the gate of a second FET transis-
tor 138. The source of the second FET transistor 138 is
connected to a third clock pulse bus 139 and its drain is
connected to an output 140 of the exciting circuit 131 of
the decoder 127. Between the drain and gate of the
second FET transistor 138 there 1s placed a positive
feedback capacitor 141. Each of the outputs 140 of the
first exciting circuits 131 of the decoder 127 is con-
nected to the respective address inputs 130 of the de-
coder 127. Each of the second exciting circuits 132 of
the decoder 127 comprises a third FET transistor 142
whose source is connected to the second clock pulse bus
137, whose gate is connected to the address signal bus
136, and whose drain 1s connected to the source of a
fourth FET transistor 143. The drain and gate of the

fourth FET transistor 143 are connected to the second
clock pulse bus 137. The drain of the third FET transis-
tor 142 is also connected to the gate of a fifth FET
transistor 144 whose drain 1s connected to an output 145
of the exciting circuit 132, and whose source is con-
nected to the third clock pulse bus 139. Between the
source and gate of the fifth FET transistor 144, there is
placed a switchable capacitor 146 whose control elec-
trode is connected to the gate of the fifth FET transistor
144, and whose other electrode is connected to the
source of the same transistor. Each of the outputs 145 of
the second exciting circuits 132 of the decoder 127 is
connected to the respective inputs 130 of the decoder
127.

An output of the inverter 134 is connected to the
common input 128 of the decoder 127; an input of said
inverter 134 is connected to a first clock pulse bus 147.

The discharge device 133 comprises FET transistors
148 whose drains are connected to inputs 149 of the
discharge device 133, whose gates are connected to the
first clock pulse bus 147, and whose sources are con-
nected to a common bus £30. The inputs 149 of the
discharge device 133 are connected to the outputs 129
of the decoder 127 and the inputs of the matrix 27.
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The device 29 for commutation of output signals of
the matrix 27 comprises a decoder 151, which ensures
conduction between inputs 152 and outputs 153 of the
decoder 151, depending upon which code has been
applied to address inputs 154 of the decoder 151, as well 5
as the first and second exciting circuits 131 and 132 of
the decoder 151 and a charger 155.

Each of the outputs 140 of the first exciting circuits
131 of the decoder 151 is connected to the respective
address input 154 of the coder 151. Each of the outputs 10
145 of the second exciting circuits 132 of the decoder
151 1s connected to the respective address input 154 of
- the decoder 151.

The charger 155 comprises FET transistors 156
whose sources are connected to outputs 157 of the char-
ger 188, whose gates are connected to the first clock
pulse bus 147, and whose drains are connected to a
supply bus 138. The outputs 157 of the charger 155 are
connected to the inputs 152 of the decoder 151 and the
outputs of the matrix 27. The outputs 153 of the decoder
151 are connected to those of the device 29 for commu-
tation of output signals of the matrix 27.

FIGS. 62 and 6b show voltage time plots of clock
pulses, which illustrate operation of the output buffer
device 96.

FIG. 6a shows a first clock pulse 159 and a second
clock pulse 160.

FIG. 6b shows a third clock pulse 161 and a fourth
clock pulse 162.

FIGS. 7a, 7b and 7¢ show voltage time plots of clock
pulses, which illustrate operation of the devices for

commutation of input and output signals of the matri-
ces.

FIG. 7a shows clock pulses 163, 164 and 16S.

FIG. 7b shows clock pulses 166, 167 and 168.

FIG. 7c¢ shows clock pulses 169, 170 and 171.

Consider now operation of the sequential computing
system comprising at least one sequential computer 1
(F1G. 1). First of all, it must be noted that the computer
1 comprises “n” v-digit registers 2, . . ., 2,, which are
placed in series, the accumulator register 11 having v
digits, the adder 6, and the counters 33, 34 and 35 of the
controlled synchronizer, whose division factors are v,
and A.

Clock generator signals are simultaneously applied to
the input of the counter 33 of the controlled synchro-
nizer and the control inputs of the registers 2, ..., 2,
(the clock generator and control inputs of the registers
2, ..., 2,are not shown in FIG. 1).

From the output of the counter 33, the signals are
applied to the counter 34 from whose output they are
applied to the inputs of the counter 35. .

The common division factor “k” of the counters 33,
34 and 35 of the controlled synchromzer is: k = v-p-A;
the common number M of the dlglts of the series con- 55
nected memory registers 2, . . ., 2,is: M = v-n

In the computing system under review, the period of
circulation of information in the registers 2;, ..., 2,, as
control signals are applied from the outputs 10, . . .,
10, of the matrix 10 to the gates 24 and 7, is equal to the 60
repetition period of output signals of the counter 35 of
the controlled synchronizer, i.e. £ = M. This makes it
possible to unambiguously establish the information
layout in the registers 2,, . . ., 2,at any moment of time
in order to convert said information. 65

Information in the registers 2,, . . . , 2,18 converted
with the aid of control signals applied from the outputs
10,, . . ., 10, of the matrix 10 at moments of time when
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information to be converted is passing through the gates
4,7, 8, 24, 25 and 60.

‘The combination of the control signals applied from
the outputs 10,, . . ., 10, of the microinstruction matrix
10 at a specified moment of time is a microinstruction of

the computer 1. Each microinstruction lasts for a period
of time required to process v bits of information. The
microinstruction matrix 10 has a set of microinstruc-
tions sufficient to solve a certain range of problems, for
example, mathematical problems.

The necessary microinstruction is selected with the
aid of the device 37 for commutation of input signals of
the microinstruction matrix 10. |
~ For this purpose, codes of the address of the required
mircoinstruction are applied from the output decoder
32 of the synchroprogram matrix 30 to the inputs of the
device 37 for commutation of input signals of the micro-
instruction matrix 10.

A synchroprogram is a sequence of n microinstruc-
tions carried out within a time interval equal to one
operating cycle of the computer 1. The operating cycle
of the computer 1 is equal to the period of circulation of
information in the registers 2, ..., 2,.

The moments for selecting a required microinstruc-
tion are set by the control signal forming unit 36 of the
controlled synchronizer. Thus, a synchroprogram de-
termines both the sequence of microinstructions carried
out during one operating cycle of the computer 1 and
the moments for selecting these microinstructions
within one operating cycle of the computer 1.

The synchroprogram matrix 30 has a set of synchro-
programs sufficient to solve a given range of problems.

A necessary synchroprogram is selected with the aid
of the device 29 for commutation of output signals of
the program matrix 27 and the device 31 for commuta-
tion of input signals of the synchroprogram matrix 30.

For this purpose, a respective code of the address of a
synchroprogram is applied from the device 29 for com-

mutation of input signals of the program matrix 27 to
the inputs of the device 31 for commutation of input
signals of the synchroprogram matrix 30. The address

code of a synchroprogram is set for a period of time
equal to one operating cycle of the computer 1.

A program for solving a specified range of problems
is a sequence of instructions of the computer 1 which
ensure control over the problem solving process. A set
of such programs 1S contained in the program matrix 27.
An instruction contains a synchroprogram address
code, a new instruction address code, a code of a condi-
tion of a jump to a new instruction, a synchroprogram
modification code, and a microinstruction modification
code.

An mstruction required for calculation is selected
with the aid of the device 28 for commutation of input
signals of the program matrix 27.

For this purpose, a respective instruction address
code is applied from the output of the address counter
38 to the inputs of the device 28 for commutation of
input signals of the program matrix 27. The instruction
address code is set in the address counter 38 for a period
of time required to carry out the instruction, which
period is equal to one operating cycle of the computer
1. A change in the state of the code of the address
counter 38 is effected by signals arriving from the out-
put 41 of the address counter conirol unit 42, which
signals correspond to a code of the condition of a jump
to a new instruction.
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An address of new instructions is entered into the
counter 38 when a control signal is applied from the
outputs 41 of the unit 42 to the control inputs of the
gates 100’ and 97',, . . ., 97, (FIG. 3) and/or the inputs
of the gates 100" and 97", ..., 97", (FIG. 3), when
signals from the outputs 40 of the device 29 are applied
to the inputs 39 of the counter 38, and/or when a signal
from the outputs 79 of the address register 74 1s applied
to the respective inputs of the counter 38.

The address of the next instruction is entered into the
counter 38 when a signal from the respective output 41
of the unit 42 is applied to the control inputs of the gates
100 and 97,, . . ., 97.;. As this takes place, the contents
of the first digit of the counter 38 is transferred to the
second digit, the contents of the second digit is trans-
ferred to the third digit, etc. The contents of the s-1 digit
is transferred through the inverter 89 and gate 160 to
the first digit, so that the address code of the next in-
struction is fixed in the counter 38.

The code state of the counter 38 is changed at a mo-
ment of time set by the counter 35 of the controlled

synchronizer.

For this purpose, a signal from the output of the
counter 35 of the controlled synchronizer is applied to
the input 44 of the address counter control unit 42.

The signal, which corresponds to the code of a condi-
tion of a jump to a new instruction, is applied to the
input 43 of the address counter control unit 42 from the
output of the device 29 for commutation of output sig-
nals of the program matrix 27. This ensures at least the
following types of jumps to a new instruction and trans-
mission of an instruction address code:

an unconditional jump to carrying out a new instruc-
tion whose address code is indicated in the given in-

struction;

a jump to carrying out a new instruction whose ad-
dress code is indicated in the given instruction, as a *“1”
signal is applied from the output 21 of the Link register
19 to the input 45 of the counter control unit 42, or a
jump to carrying out the next instruction as a *“0” signal
is applied from the output 21 of the Link register 19;

a jump to carrying out a new instruction whose ad-
dress code is indicated in the given instruction, as a “0”
signal is applied from the output 21 of the Link register
19 to the input 45 of the counter control unit 42, or a
jump to carrying out the next instruction, as a “1” signal
arrives from the output 21 of the Link register 19;

a jump to carrying out a new instruction whose ad-
dress code is formed by way of disjunction (conjunc-
tion) of the code of the address counter 74 and of the
address code indicated in the given instruction; signals,
corresponding to the address code indicated in the
given instruction, are applied to the inputs 39 of the
address counter 38 from the outputs 40 of the device 29;

transmission of the instruction address code indicated
in the given instruction from the output 48 of the device
29 for commutation of output signals of the matrix 27 to
the input of the address register 74;

transmission of an instruction address code from the
output of the register 2; to the input 78 of the address
register 74.

-~ There may be entered into the address register 74 the
address code of a new instruction, which code is indi-
cated in the instruction set in the matrix 27, or the code
of the register 2, read therefrom at a specified moment
of time, or an address code applied from peripheral
devices to the control inputs 77 of the computer 1. The
branching of the calculation program is effected by
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means of disjunction or conjunction of the code of the
address register 74 and the new address code specified
in the given instr»ction. |

A signal, which corresponds to the synchroprogram
modification code contained in the given instruction, is
applied from the output of the device 29 for commuta-
tion of output signals of the program matrix 27 to the
inputs 72 of the synchroprogram commutation unit 70,
which provides for different modifications of synchro-
programs, for example, successively performing all the
microinstructions of a synchroprogram, partially per-
forming microinstructions of a synchroprogram, and
altering the sequence in which microinstructions are
carried out within the limits of one synchroprogram.
This makes it possible to produce new synchropro-
grams out of the existing synchroprogram with only
insignificant expenditures in connection with the neces-
sary equipment.

A signal, corresponding to the microinstruction mod-
ification code contained in the given instruction, is ap-
plied from the output 87 of the device 29 for commuta-
tion of output signals of the program matrix 27 to the
additional control inputs of the gates 8, 7, 26, 24 and 25.
This makes it possible to check the contents of the regis-
ters 2y, . . ., 2, without erasing information in said regis-
ters 2, ..., 2,.

The proposed embodiment of a sequential computing
systems comprising at least one computer 1 operates as
follows.

Suppose the computer 1 is operating in the waiting
mode. This mode is characterized by the fact that the
information in the registers 2,, . . ., 2,, the accumulator

register 11 and the Link register 19 remains intact and
by the fact that it is possible to carry out a selected

program by an instruction from a peripheral device.
The program of each problem to be solved by the com-
puter 1 ends up by bringing the computer 1 into the
waiting mode.

Corresponding to the waiting mode is one of the
multitude of codes of the address counter 38. This mode
is ensured by a specified transfer condition code con-
tained in the instructions which correspond to the code
of the address counter 38.

In this case, the counter control unit 42 applies to the
address counter 38 a signal to receive the new address
code indicated in the program that has been selected, as
well as a signal to receive the initial address code from
the peripheral device via the register 74.

The address code of a new instruction, which is pro-
duced as a result of receiving the new and/or initial
address, 1s the address code of the instruction which is
the first to be executed in the program of the problem
being solved set by the peripheral device.

In the waiting mode, a new address code of an in-
struction must correspond to the code of the address
counter 38, which corresponds to the waiting mode;
this means that the same instruction of the program
matrix 27 is selected prior to the arrival of the initial
address from the peripheral device.

The new address code of the instruction is applied to
the input 39 of the address counter 38 from the output of
the device 29 for commutation of output signals of the
program matrix 27; this code is entered into the address
counter 38, which i1s done once during the operating
cycle of the computer 1, by a signal from the output of
the counter 35 of the controlled synchronizer.

In the waiting mode, the same microinstruction is
carried out during each working step of the computer.
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The duration of the working step of the computer 1 is
1/n of the duration of the operating cycle of said com-
puter 1.

Control signals are applied from the respective out-
puts 10,, . . ., 10,0f the microinstruction matrix 10 to the
gates 24, 7, 13 and 20, which initiates transmission of
information in the registers 2,, . . ., 2,, the accumulator
register 11 and the Link register 19. In order to provide
for circulation of information in all the above-men-
tioned registers in the waiting mode, the synchropro-
gram must contain “a” identical microinstructions.
FIG. 8 is a table of the location and stepwise change of
information in the series connected memory registers 2,,
. . . » 29610 the waiting mode during one operating cycle
of the computer 1 for the case when information circu-
lates in the registers 2,, . . . , 254 of three twelve-digit
words a, b, ¢, where each word digit is designated as g,

byc;(1=1,2,...,12). Column T (time step) lists the

serial numbers of time steps; column MK (microinstiuc-
tion) lists microinstruction codes (00); the colunns re-
lated to the registers 2,, . . . , 2;¢list designations of word
digits circulating in said registers; each line of the table
lists the contents of the registers 2, . . , 2;5 recorded as
a result of carrying out the microinstruction indicated in
the preceding line.

F1G. 8 shows that after 36 time steps which make up
one complete operating cycle of the computer 1 and
after carrying out the respective microinstructions, the
information contained in the registers 2, . . . , 244is fully
restored.

Consider now operation of the computer 1 in the
information processing conditions. Any program car-
ried out by the computer 1 begins with applying an
initial address code of the selected program from the
peripheral device to the inputs 77 (FIG. 1) of the com-
puter 1 and then, to the inputs 76 of the address register
74.

To the input 78 of the address register 74, there is
applied a signal to receive the initial address code,
which code is recorded in the register 74.

In the waiting mode, which precedes the information
processing mode, there is initiated a signal to receive the
initial address code, so at a moment of time which coin-
cides with the start of the operating cycle of the com-
puter 1, the initial address code of the selected program
is derived from the address register 74 and recorded in
the address counter 38. According to the initial address
code, the program matrix 27 selects the first instruction
of the program. This instruction contains a code of a
condition of a jump to the next instruction, a new ad-
dress code of the instruction to be carried out during the
following operating cycle of the computer 1, and the
address code of a synchroprogram which determines,
with due regard for the microinstruction matrix 18, the
sequence of operations to be carried out, which involve
the contents of the registers 2,, . . ., 2,, during the oper-
ating cycle of the computer 1. This sequence of opera-
tions i1s determined by a set of microinstructions which
are selected in accordance with the address contained in
the synchroprogram. During each time step of the com-
puter 1, there i1s selected one microinstruction of the
entire set of microinstructions of the computer 1, which
set 18 stored in the microinstruction matrix 10.

Let it be assumed that while processing three twelve-
digit words a, b, ¢, it 1s necessary to replace, by a given
instruction of the program, the word a by the word & in
the registers 2,, . . ., 2, (FIG. 9).
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The synchroprogram, whose address code is indi-
cated in the given instructions, contains a sequence of
microinstructions required to carry out the operation of
replacing the word a by the word b.

For the information processing mode, the sequence of
microinstructions is composed, unlike in the waiting
mode, of two microinstructions (00), (01). The microin-
struction (01) is carried out during specified time steps
of the operating cycle of the computer 1.

During the remaining time steps of the operating
cycle, there is carried out the microinstruction aimed at
preserving the information in the registers 2,, . . . , 2;.

In order to replace the word a by the word b, the
microinstruction (01) must ensure application of control
signals to the gates 24, 4 and 8 (FIG. 1) at moments of
time when to the inputs of these gates there are applied
signals corresponding to the digits of the word a; the
microinstruction (01) must also ensure the absence of
control signals at the gates 4, 7, 15, 18, 25, 26, 50, 54, 60,
61, 68 and 94 in order to preserve the information in the
registers 2y, ..., 2,. |

The signals corresponding to the digits of the word a
are applied from the output 3 of the register 2, via the
gate 24 to the mput of the register 2,, and via the gate 4,
the adder 6 and gate 8 to the input of the register 2. In
the present case, in the registers 2, and 2;there are en-
tered the digits of the word 5. Thus, an operation of
replacement takes place in the register 2, and the digits
of the word b replace those of the word a.

For greater brevity, the subsequent description of the
microinstructions will only indicate the gate to whose
control inputs there is applied a control signal.

FIG. 9 shows the locatton and stepwise alteration of
information in the series connected memory registers 2,
.+ « » 236 when carrying out the operation of substituting
the word b for the word a. In order to carry out this
operation, during steps 2, 5, 8, 11, 14, 17, 20, 23, 25, 29,
32, 35, in the course of one operating cycle of the com-
puter 1, there are carried out the microinstructions (01)
of replacing the digit of the word a by the respective
digit of the word b; during the other time steps, there
are carried out the microinstructions (00) of circulation
of information in the registers 2,, . . ., 2.

As is seen from FIG. 9, after the second time step (see
the line of step 3), in the register 2, there is the first digit
b, of the word b instead of the first digit a, of the word
a; after step 36 (see the line of step 37), in all the digits
of the word a there are the respective digits of the word
b.

By a signal of the beginning of the next operating
cycle of the computer 1, in the address counter 38 there
is entered the code of a new address indicated in the
preceding instruction.

Let 1t be assumed that the conditions of the transfer to
the next instruction of the program is the presence of a

- signal “1” at the output 21 of the Link register 19.

65

‘The next instruction of the program contains the
address code of a synchroprogram, according to which
the microinstruction matrix 10 performs the following
operations on the contents of the registers 2,, . . . , 2.

0 is entered in the first digit @, of the word a;

0 is entered in the ninth digit ¢, of the word a;

0 is entered in the ninth digit ¢, of the word ¢;

the word b is shifted one digit to the right;

the digits a, through a; of the word a are shifted one
digit to the left; |
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the tenth digit a,y of the word a is added to the elev-
enth digit b,, of the word b; the result is assigned to the
eleventh digit ¢,; of the word ¢;

the twelfth digit a;, of the word a is added to the
twelfth digit b, of the word b; the carry signal is re-
corded in the Link register 19 while performing the
adding operation.

The microinstruction matrix 10 applies control sig-
nals to the respective gates, whereby the above-men-
tioned operations are carried out.

Suppose that by the start of the first time step (the
beginning of the operating cycle of the computer 1),
information in the registers 2, . . . , 234 is laid out as
shown in the line of step 1 of FIG. 8.

Zero is entered in the first digit of the word @ and the
ninth digits of the words b and ¢ by applying a control
signal to the input of the gate 7 (FIG. 1) during time
steps 1, 2§, 27 (FIG. 8).

The control signals are initiated when a correspond-

ing microinstruction of the matrix 10 (FIG. 1) is per-
formed. The absence within the above-mentioned time
steps of a control signal across the input of the gate 24
disconnects the registers 2;5and 2,, so zero is entered in
the first digit of the word ¢ and the ninth digits of the
words b and ¢

The word a is shifted one digit to the right by apply-
ing control signals to the inputs of the gates 26 and 7
(FIG. 1) during time steps 1, 4, 7, 10, 13, 16, 19, 22, 25,
28, 31, 34 (FIG. 8).

Control signals are also initiated as a corresponding
microinstruction of the matrix 10 (FIG. 1) 1s performed.

As this takes place, the information from the output
of the register 2,, is entered via the gate 26 into the
register 2,; as a result, the information is shifted one
digit to the right.

A shift by one digit to the left of the digits two
through eight of the word a is effected with the aid of
the adder 6 by a number of different microinstructions.
In the fourth time step, the microinstruction matrix 10
applies control signals to the inputs of the gates 4, 12
and 7, whereby the second digit of the word a 1s trans-
ferred from the adder 6 to the accumulator register 11.
In the fifth and sixth time steps, the microinstruction
matrix 10 applies control signals to the inputs of the
gates 7, 13 and 24, which ensures circulation of the
second digit of the word g in the accumulator register
11. In the seventh time step, the microinstruction matrix
10 applies control signals to the inputs of the gates 4, 7,
12 and 25, whereby the third digit of the word a is
replaced by the second, and the third digit of the word
a is entered in the accumulator register 11. The remain-
ing digits of the word a are shifted to the left in a similar
manner.

The adding of the tenth digit of the word a to the
eleventh digit of the word b, the entering of the result in
the eleventh digit of the word ¢, and the recording of
the carry signal on the Link register 19 are performed
by several microinstructions.

In the time step 23, the microinstruction matrix 10
applies control signals to the inputs of the gates 4, 7, 12
and 24 to store the tenth digit of the word ¢ in the
accumulator register 11.

In the time steps 29, 30 and 31, the microinstruction
matrix 10 applies control signals to the inputs of the
gates 7, 13 and 24 to store the tenth digit of the word a
in the accumulator register 11.

In the step 32, the microinstruction matrix 10 applies
control signals to the inputs of the gates 4, 7, 12, 15, 22
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and 24 to add the tenth digit of the word a to the elev-
enth digit of the word b and enter the result in the accu-
mulator register 11; simultaneously, 1 is entered in the
Link register 19 if the addition results in a carry; zero is
entered in the Link register 19 if there is no carry.

In the step 33, the microinstruction matrix 10 applies
control signals to the inputs of the gates 7, 13 and 20,
which provides for circulation of information in the
accumulator register 11 and Link register 19.

In the step 34, the microinstruction matrix 10 applies
control signals to the inputs of the gates 8, 15 and 24,
whereby the result of the addition is tranferred from the
accumulator register 11 to the eleventh digit of the
word ¢, etc.

The result of the processing is applied from the out-
put matrix 80 to the control inputs 81 of the computer 1
and proceeds to the peripheral device. As this takes
place, the information from the outputs of the register
2;1s applied to the inputs 83 of the unit 82. As control
signals are applied to the inputs 88 and 84 of said unit 82
from the outputs of the device 29 and counter 34, re-
spectively, this information is converted into a parallel
code and is applied via the commutation device 86 to
the output matrix 80. The reprogrammable output ma-
trix 80 makes it possible to modify the output code, for
example, for different types of indication, as well as to
send control signals to the peripheral devices (not
shown).

The input of external information to the computer 1 is
effected by a microinstruction, whereby there is initi-
ated a control signal applied to the gate 68, and with the
aid of the flip-flop 82 which initiates a control signal,
whereby the adder 6 calculates the pulses arriving from
the output 49 of the counter 33 of the controlled syn-
chronizer.

The duration of the control signal from the flip-flop
89 is determined by the input digit; said {flip-flop 89 is set
and reset by output signals of the multiple-input gate 90;
to mputs of said flip-flop 82 there 1s applied the code of
the input digit, whereas applied to the input 91 of the
gate S0 is an enabling signal arriving from the output of
the address counter control unit 42. In many cases,
especially when processing digital information repre-
sented in the computer 1 as the mantissa of a number
and its exponent, the same microinstructions are used
for a group of word digits, for example, to shift the
whole mantissa of a number of one digit, to add the

- whole mantissa of a number to that of another number,

etc. Such use of groups of microinstructions that are
repeated within one cycle makes it possible to substan-
tially reduce the amount of equipment (the capacity of
the synchroprogram matrix), which is due to the fact
that the address of only one microinstruction is indi-
cated in the synchroprogram for this group of microin-
structions. During several time steps, the control signal
forming unit 36 of the controlled synchronizer produces
the addresses of the same microinstructions, which pro-
vides for double-periodic synchronization of the com-
puter 1.

As 1s seen from the present disclosure, a program for
solving a problem comprises a sequence of synchropro-
grams whose addresses are stored in the program matrix
27. For a specific computer 1, synchroprograms are
selected while evolving the computer’s software, taking,
into account the versatility factor, i.e. the possibility of
multiple of use synchroprograms to solve different
problems.
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A synchroprogram of the computer 1 accounts for
the time sequence of microinstruction addresses; hence,
the formation of different sequences of microinstruc-
tions is possible through the use of the same microin-
structions. Thus, with a limited capacity of the microin-
struction matrix 10, it is possible to produce a great
number of different sequences of microinstructions
(synchroprograms) required for problem solving.

In addition, the number of different synchroprograms
of the computer 1 may be increased by introducing the
synchroprogram commutation unit 70 which makes it
possible to produce new synchroprograms out of the
elements of the existing synchroprograms by providing
different modifications, as has been shown above, with-
out increasing the capacity of the matrix 30.

Thus, the computer 1 under review has a two-level
programming system.

The first programming level with branching of pro-
grams and a jump to subroutines is effected with the aid
of the program matrix 27, the devices 28 and 29 for
commutation of input and output signals, respectively,
- the counter 38, and the address counter control unit 42.

The second programming level is effected with the
aid of the synchroprogram matrix 30 and microinstruc-
tion matrix 10. Control signals arriving from the matrix
10 effect conversion of information in the registers 2,, .

s 2

The two programming levels make it possible to
combine in one instruction a number of indications as
regards processing, checking, transmitting operands
and results of processing, as well as the address of the
next instruction, which reduces equipment costs per
capacity unit of the program matrix 27.

The use in the computer 1 of the two-level program-
ming system in combination with the proposed connec-
tions between the units of said computer 1, for example,
the connections between the registers 2,, . . ., 2,, be-
tween the registers 24, . . . 2,and the adder, between the
adder and the accumulator register 11, etc. provides for
a high degree of compactness in combination with an
extremely flexible system of instructions. This makes it
possible to use computers intended for different pus-
poses both to control peripheral equipment (as in the
case of a minicomputer) and perform mathematical
calculations (as in the case of a calculator).

The computer 1 of the proposed computing system

consists in the main of the matrices 10, 30, 27 and 80, the
devices 37, 32, 31, 29 and 28, and the registers 2,, . . .,
2,and 66, . . ., 66,. It can be inferred that the matrices
10 30, 27 and ﬁ@ the devices 37, 32, 31, 29 and 28 for
commutation of input and output signals, having a regu-
lar structure of connections, as well as series connected
registers 2, ..., 2,and 66, . . ., 66,, comprising a large
number of uniform elements (register digits) connected
in series, all meet the requirements involved in the task
of producing a computer 1 1n the form of an L.SI circuit.

In order to perform calculations with decimal num-
- bers, the number of digits in the accumulator register 11
and each of the registers 2,, ..., 2, 1s selected to be
equal to 4(v=4); for the purposes of correction, while
adding binary-decimal numbers, there are introduced
constants 0110 and 1010, the constant 1010 being ap-
plied to the input 5 of the adder 6 with aid of the AND
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the Link register 19.
The constants 0110 and 1010 are formed by the code
forming circuits 53 and 55 to whose inputs there are

22 -
applied signals from the outputs of the counter 33 of the
controlled synchronizer.

Besides, in order to raise the operating speed of the
computer 1, several digits, for example, four digits, are
processed simultaneously due to the fact that the regis-

ters 2y, . .., 2,, all the gates, the adder 6 and the accumu-
lator register 11 are multichannel, each channel com-
prising the registers 2,, . . ., 2,, the gates, the adder 6
and the accumulator register 11, all the gates being
controlled simultaneously by signals applied from the
output of the microinstruction matrix 10 via the gates; a
carry signal is applied from the output of the adder 6 of
the first channel to the input of the adder 6 of the next
channel, etc., whereas a carry signal from the output of
the adder 6 of the last channel is applied via the con-
trolled gate to the input of the Link register 19.

The embodiment of the computer 1, whereas the
registers 2,, . . ., 2,, the accumulator register 11, the
adder ¢ and all the gates are multichannel, is not shown
in the drawings.

It 1s clear from the foregoing that in the computer 1
under review, the transfer from the sequential principle
of information processing to the parallel-sequential
principle is only effected through an increase in the
number of channels, without any changes in the other
units.

In case of an increase in the range of problems to be
solved, the computers 1 are combined into a computing
system comprising several computers which are syn-
chronized by signals applied from the output 48 of one
of the computers 1 to the inputs 46 of the rest of the
computers 1; exchange of information is carried out
through the registers 66, . . . , 66,. The computers 1
incorporated in the computlng system can operate both
simultaneously and one after another.

Consider now a computing system composed of three
computers 1, 1" and 1”. Apart from said computers 1, 1’
and 1”, the system includes the external registers 95, . .

, 95, and the buffer device 96.

The connection of the computers 1, 1' and 1”, the
registers 95, . . ., 95,and the buffer device 96 is shown
in FIG. 2.

Each of the computers 1, 1’ and 1" operates as the one
described above.

The registers 66, . . , 66, of all the computers 1, 1’
and 1”, the gate 67, the externa.l registers 951, .5 95,
and the buffer device 96 are all placed in series and form
a single closed circuit.

A jump to calculations according to a program re-
corded in the computer 1’ is performed with the aid of
said closed circuit.

Let 1t be assumed that the first computer 1 has fin-
ished calculations according to its program, and that it
1S necessary to continue calculations according to a
program of the third computer 1”. For this purpose, the
first computer 1 forms and enters into the closed circuit,
via the gate 64 of the first computer 1, the number code
of the computer which is to continue calculations (in the
present case, this is the third computer 1"). Apart from
the code number of the computer 1", the first computer
1 enters 1nto the closed circuit the initial address of the
program according to which the third computer 1” is to
continue calculations; if necessary, the computer 1 en-
ters the intermediary results of its own calculations.

The information entered into said closed circuit cir-
culates in this circuit, i.e. it successively passes through
all the computers I, 1’ and 1".
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In order to enable any computer of the system to
continue calculations, it is necessary that all the com-
puters 1, 1" and 1” of the computing system should be
capable of interruption. In the course of an interruption,
there is carried out the checking of the contents of the
closed circuit and established the number code of the
computer 1, which coincides with the number of code
previously assigned to said computer 1. In case of simul-
taneous operation of all the computers 1, 1’ and 1" of the
computing system, the interruption program is inserted
at specified points in the calculation program; if the
computers 1, 1’ and 1" operate sequentially, all the cal-
culation programs of each of the computers 1, 1’ and 1"
are to end with an interruption program which is
matched, if necessary, with the waiting mode.

If in the course of an interruption, the computer 1
finds i1ts number code in the closed circuit, said com-
puter 1 transfers the initial address code from the closed
circuit to its registers 24, . . ., 2,, from the output of the
register 2, to the address counter 38 to continue calcula-
tions according to the program selected according to
the given initial address.

Consider now a programmable computing system,
wherein one of the computers 1 1s programmed as a

"

10

15

20

computer 1 which controls all the other computers of 25

the system.

Such a computing system is programmed at the level
of programs of the controlled computers 1 by presetting
the initial address codes of these programs in the control

program. The control program is entered into the
closed circuit via the gate 64 of the control computer 1
from the peripheral device. The control computer 1
selects the initial address codes of the required pro-
grams from the control program and turns over the
control of the calculation process to the controlled
computers 1 containing these programs. After the con-
trolled computer 1 has finished a certain program, there
is a comeback to the control program in order to deter-
mine the next initial address code with the aid of the
control computer 1 and continue calculations.

The proposed output bufter device 96 (FIG. 4) oper-
ates as follows. During the action of the clock puise 159
(FIG. 6a) applied to the second clock pulse bus 108
(FIG. 4), the transistor 113 is driven into conduction, so
that information, which has been applied to the input
112 of the buffer device 96, is sent to the input 122 of the
follower 102. Simultaneously, the input information is
applied via the inverter 111 to the input 105 of the fol-
lower 101. If in the course of the duration of the clock
pulse 152 (FIG. 6a) there is applied high voltage to the
input 112 (FIG. 4) of the buffer device 96, at the input
105 of the follower 101 there is low voltage, and the
positive feedback capacitor 110 discharges through the
output resistor of the inverter 111 and the transistor 107
(FIG. 4) which is conducting during the action of the
~ clock pulse 150 (FIG. 6a). At the output 106 of the
follower 101, there is set low voltage. The positive
feedback capacitor 110 remains discharged until the
arrival of the next pulse 160 (FIG. éa) at the second
clock pulse bus 108 (FIG. 4); the transistor 103 remains
non-conducting, and low voltage is maintained across
the output 106 of the follower 101. If during the action
of the clock pulse 159 (FIG. 6a) there is applied low
voltage to the input 112 (FIG. 4) of the buffer device 96,
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the follower 101, and the positive feedback capacitor
110 is charged through the output resistor of the in-
verter 111 and the transistor 107 (FIG. 4) which is in the
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conducting state during the action of the clock puise
159 (FIG. éa). There is now high voltage at the output
106 of the follower 101. The positive feedback capacitor
110 remains charged until the arrival of the next pulse
160 (FIG. 64a) at the second clock pulse bus 108 (FIG.
4), whereby the transistor 103 is maintained in the state
of conduction. As a result, the clock pulse 161 (FIG.
6b), which is applied to the first clock pulse bus 104
(FIG. 4) via the transistor 103, passes to the output 106
of the follower 101. If during the action of the clock
pulse 159 (FIG. 6a) high voltage is applied to the input
112 (FIG. 4) of the buffer device 96, there is high volt-
age across the input 122 of the follower 102, and the
clock pulse 161 (FIG. 6b) is applied to the output 118
(FIG. 4) of the follower 102, because the circuitry of the
follower 102 is similar to that of the follower 101. If
during the action of the clock pulse 159 (FIG. 6a) there
is applied low voltage to the input 112 (FIG. 4) of the
buffer device 26, there 1s low voltage across the input
122 of the follower 102, and low voltage is maintained
across the output 118. Each of the positive feedback
capacitors 110 serves for maximum transmission of the
voltage of the clock pulses 161 and 162 (FIG. 6b) to the
outputs 106 and 118 (FIG. 4), since the voltage of the
charged positive feedback capacitor 110 is added at the
gate of the transistor 103 to the source voltage of the

transistor 103, whereby the transistor 103 is driven into

conduction more effectively during the action of the
clock pulses 161 and 162 (FIG. 6b). Thus, if low voltage

is applied to the input 112 (FIG. 4) of the buffer device
96, the transistor 114 is driven into conduction by the
clock pulse 161 (FIG. 6b) applied from the output 106
(FIG. 4) of the follower 101, so that high voltage is
applied from the first supply bus 115 to the common
point 116 and the gates of the transistors 119 and 126.
The transistors 119 and 126 are snapped into conduc-
tion. The conducting transistor 119 passes low voltage
of the common bus 169 to the common point 120 and
the gate of the transistor 123. The transistor 123 is ren-
dered non-conducting, and the output 125 of the buffer
device 96 gets connected to the common bus 109 via the
conducting transistor 126. The transistors 121 and 117
are rendered non-conducting by low voltage across the
input 122 and the output 118 of the follower 102.

If high voltage is applied to the input 112 of the buffer
device 926, the transistor 117 is driven into conduction
by the clock pulse 161 (FIG. 6b) applied from the out-
put 118 (FIG. 4) of the follower 102, so that low voltage
is applied from the common bus 109 to the common
point 116 and the gates of the transistors 119 and 126.
The transistors 119 and 126 are rendered non-conduct-
ing. The transistor 114 is rendered non-conducting by
low voltage at the output 106 of the follower 101. The
transistor 121 is driven into conduction by high voltage
at the input 122 of the follower 102, so that high voltage
of the first supply bus 115 is applied to the common
point 120 and the gate of the transistor 123. The transis-
tor 123 1s driven into conduction, and high voltage is
applied from the second supply bus 124 to the output
125 of the buffer device 96. The state of the output 125
of the buffer device 96 remains unchanged until the
arrival of the next clock pulse 162 (FIG. 6b) applied to
the first clock pulse bus 104 (FIG. 4), because the tran-
sistors 124 and 117 are non-conducting during the per-
i0d of time between the clock pulses 161 and 162 (FIG.
65), so that information is maintained at the capaci-
tances of the gates of the transistors 119 and 126 (FIG.
4).
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‘The proposed devices 28 and 29 (FIG. 5) for commu-
tation of input and output signals of the matrix 27 oper-
ate as follows. During the action of the clock pulse 163
(FIG. 7a) applied to the second clock pulse bus 137
(FIG. §), the transistor 135 is driven into conduction,
and information is applied to the gate of the transistor
138. Simultaneously, the switchable capacitor 146 is
charged through the transistor 143 which has been
driven into conduction by the clock pulse 163 (FIG.
7a). The transistor 144 is snapped into conduction, and
low voltage is applied to the output 145 of the second
exciting circuit 132 of the decoder 127. If high voltage
1s applied to the address input 136 of the commutation
device 28, the positive feedback capacitor 141 is
charged through the conducting transistors 135 and 138
to the third clock pulse bus 139 at which there is low
voltage during the action of the clock pulse 163 (FIG.
7a). Upon the end of the action of the clock pulse 163
and prior to the arrival of the clock pulse 165 (FIG. 7b),
the switchable capacitor 146 (FIG. 5) discharges
through the conducting transistor 142. During the ac-
tion of the clock pulse 166 (FIG. 7b) applied to the third
clock pulse bus 139 (FIG. 5), the clock pulse 166 (FIG.
7b) is transmitted via the conducting transistor 138
(FIG. 5) to the output 140 of the first exciting circuit
131 of the decoder 127. As this takes place, low voltage
is maintained across the output 145 of the second excit-
ing circuit 132 of the decoder 127, since the transistors
144 remains non-conducting. If low voltage is applied
to the address input 136 of the commutation device 26,
the positive feedback capacitor 141 discharges, the tran-
sistor 142 is non-conducting, and high voltage is main-
tained at the gate of the transistor 144. During the ac-
tion of the clock pulse 166 (FIG. 7b), the clock pulse
166 is transmitted via the conducting transistor 144
(FIG. 5) to the output 143 of the second exciting circuit
132 of the decoder 127. As this takes place, low voltage
is maintained across the output 140 of the first exciting
circuit 131 of the decoder 127, since the transistor 138
remains non-conducting.

The positive feedback capacitor 141 serves to more
fully transmit the voltage of the clock pulses 166, 167
and 168 (FIG. 7b) and increase the load capacity of the
output 140 (FIG. 5) of the first exciting circuits 131 of
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the decoder 127, because the voltage of the charged 45

positive feedback capacitor 141 is added at the gate of
the transistor 138 to the drain voltage of the transistor
138, whereby the transistor 138 is driven into conduc-
tion more effectively during the action of the clock
pulses 166, 167 and 168 (FI1G. 7).

The switchable capacitor 146 (FIG. 5) also serves to

more fully transmit the voltage of the clock pulses 166,

167 and 168 (FIG. 7b) and raise the load capacity of the
output 145 (FIG. 8) of the second exciting circuits 132
of the decoder 127, because the voltage of the charged
switchable capacitor 146 i1s added at the gate of the
transistor 144 to the voltage of the clock pulses 166, 167
and 168 (F1G. 7b), whereby the transistor 144 (FI1G. 5)
is driven into conduction more effectively during the
~ action of the clock pulses 166, 167 and 168 (FIG. 7b).
The capacity of the discharged switchable capacitor
146 (FIG. 5) 1s at a minimum, so the voltage of the clock
pulses 166, 167 and 168 (FIG. 7b) is not transmitted to
the gate of the transistor 144 (FIG. 5) during the action
of these pulses. |

Hence, information applied to the address inputs 136
of the commutation device 28 during the action of clock
pulses at the third clock pulse bus 139 is transmitted in
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the direct form to the outputs 140 of the first exciting

circuits 131 of the decoder 127, and in the inverted
form, to the outputs 145 of the second exciting circuits
132 of the decoder 127. During the periods of time
between adjacent clock pulses applied to the third clock
pulse bus 139, there is low voltage at the outputs 140
and 1435 of the first and second exciting circuits 131 and
132, respectively, of the decoder 127.

During the action of the clock pulse 169 (FIG. 7¢)
applied to the first bus 147 (FIG. 5), the commutation
devices 28 and 29 are prepared for subsequent opera-
tion. Low voltage is set at the common input 128 of the
decoder 127. The capacitances of the internal units of
the decoder 127 are discharged through the output
resistor of the inverter 134 and the conducting transis-
tors 148 of the discharge device 133. The capacitances
of the output 129 of the decoder 127 are discharged
through the same circuit, including the selected output,
because at the address inputs 130 of the decoder 127
there is found the information applied from the outputs
140 and 1485 of the first and second exciting circuits 131
and 132, respectively, of the decoder 127 during the
action of the clock pulse 166 (FIG. 7b). Simultaneously,
the capacitances of the inputs 152 of the decoder 151
and the capacitances of the outputs 153 of the decoder
151 are charged through the conducting transistors 156
of the charger 155 from the supply bus 158, because at
the address inputs 154 of the decoder 151 there is infor-
mation applied from the outputs 140 and 145 of the first
and second exciting circuits 131 and 132, respectively,
of the decoder 151 during the action of the clock pulse
166 (F1G. 7b).

Upon the end of the action of the clock pulse 169
(FIG. 7¢) and during the action of the clock pulse 166
(FIG. 7b), high voltage is set across the input 128 (FIG.
3) of the decoder 127, which high voltage is applied to
one of the outputs 129 of the decoder 127. The matrix 27
selects the information, and the output information of
the matrix 27, which is applied to specified outputs of
the matrix 27 as low voltage, is transmitted to the out-
puts 153 of the decoder 151 and, accordingly, to the
outputs of the device 29 for commutation of output
signals of the matrix 27.

In the period between the clock pulses 166 and 167
(FIG. 7b), there 1s applied low voltage to the inputs 130
and 154 (F1G. 5) of the decoders 127 and 151, and upon
the end of the clock pulse 169 (FIG. 7¢) and during the
action of the clock pulse 166 (FIG. 7b), the information
applied to the outputs of the device 29 for commutation
of output signals of the matrix 27 is maintained at the
output capacitance of these outputs until the arrival of
the following clock pulses 17¢ (FIG. 7¢) and 167 (FIG.
1b).

The commutation devices 28 and 29 of the matrix 27
operate 1n a similar way during the action of the pulses
164, 165 (FIG. 7a), 167, 168 (F1G. 7b), and 170, 171
(FIG. 7c¢).

‘The proposed sequential computing system makes it
possible to use the computer 1 as the basis for different
computing systems which may include one computer 1
to solve simple problems, or several computers 1 to
solve complicated mathematical problems, problems of
management and problems involved in developing pro-
grammable systems. N

In such computing systems, the computers 1 only
differ in the type of threading of the matrices 18, 30, 27
and 80 (i.e. in the software). If a computer 1 is based on
an LSI circuit, 1t 1s enough to replace one masking
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element (mask) to provide computers for different pur- synchroprogram matrix being connected to said
poses. outputs of said device for commutation of input
What is claimed is: signals of said synchroprogram matrix, said first set
1. A sequential computing system consisting of at of inputs of said device for commutation of input
least one sequential COIIlplltEI' which COlllpl'iSES: 5 signa]s of said synchroprogram matrix bemg con-
an adder for information processing having a first, a

second and a third input, and a first and a second
output;

a first, a second, a third, a fourth, a fifth, a sixth, a
seventh, an eighth, a ninth, a tenth, an eleventh and 10
a twelfth gate, each of which has a control input,
said control inputs being connected together;

at least one accumulator register having an input, a
direct output and an inverse output, said input of
said accumulator register being connected via said 15
fourth gate to said first output of said adder and via
said fifth gate to its own direct output, said direct
output of said accumulator register being con-
nected via said sixth gate to said second input of
said adder, and said inverse output of said accumu- 20
lator register being connected via said seventh gate
to said second mput of said adder;

series connected registers which are the main mem-
ory of the computer, each of said memory registers
having a direct output and an input, said direct 25
output of a last in order of said series connected
memory registers being connected via said first
gate to said first input of said adder, said input of at
least one register of said series connected memory
registers being connected via said second gate to 30
said output of the preceding register of said series
connected memory registers and via said third gate

to said first output of said adder, said input of the
first register of said series connected memory regis-
ters being connected via said tenth gate to said 35
direct output of the last in order register of said
series connected memory registers, via said elev-
enth gate to said direct output of said accumulator
register, and via said twelfth gate to said output of

at least one more of said series connected memory 40
registers;

at least one single digit Link register for carry storage
having an input, a direct output and an inverse
output, said input of said Link register being con-
nected via said eighth gate to its own direct output 45
and via said ninth gate to said second output of said
adder;

a program matrix having inputs and outputs;

a device for commutation of input signals of said
program matrix having inputs and outputs, said 50
inputs of said program matrix being connected to
said outputs of said device for commutation of
input signals of said program matrix;

a device for commutation of output signals of said
program matrix having inputs, a first set, a second 55
set, a third set and a fourth set of outputs, and an
output, said outputs of said program matrix being
connected to said inputs of said device for commu-
tation of output signals of said program matrix;

a synchroprogram matrix having inputs and outputs;
an output decoder of said synchroprogram matrix
having a first and a second set of inputs and out-
puts, said outputs of said synchroprogram matrix
being connected to said first set of inputs of said
output decoder; 65
a device for commutation of input signals of said
synchroprogram matrix having a first set and a
second set of inputs and outputs, said inputs of said

nected to said third set of outputs of said device for
commutation of output signals of said program
matrix;

a microinstruction matrix to control said gates having

inputs and outputs, said outputs being connected to
said control iputs of each of said gates;

a device for commutation of input signals of said

microinstruction matrix having inputs and outputs,
said inputs of said device for commutation of input
signals of said microinstruction matrix being con-
nected to said outputs of said output decoder, said
outputs of said device for commutation of input
signals of said microinstruction matrix being con-
nected to said iputs of said microinstruction ma-
trix;

a controlled synchronizer for double periodic syn-

chronization having at least three series connected
counters to initiate time separated clock signals,
said first counter having an input, a set of outputs,
a first and a second output, said second counter
having an input, a set of outputs, a first and a sec-
ond output, said third counter having an input, a
first and a second set of outputs, and a first and a
second output, said input of said first counter being
connected to a synchronization input of said com-
puter, said first set of outputs and said second out-
put of said third counter being connected to syn-
chronization outputs of said computer, said input of
said second counter being connected to said second
output of said first counter, said input of said third
counter being connected to said second output of
said second counter, and at least one control signal
forming unit having inputs and outputs, said inputs
of said control signal forming unit being connected
to said second set of outputs of said third counter,
the second set of inputs of said device for commu-
tation of input signals of said synchroprogram ma-
trix being connected to said set of outputs of said
second counter, said second set of inputs of said
output decoder being electrically coupled to said
outputs of said control signal forming unit to pro-
vide for a sequence of microinstructions;

an address counter having a first, a second, and a

third set of inputs, and outputs, said outputs of said
address counter being connected to said inputs of
said device for commutation of input signals of said
program matrix, said first set of inputs of said ad-
dress counter being connected to said first set of
outputs of said device for commutation of output.
signals of said program matrix;

an address counter control unit having a first, a sec-

ond and a third input, a set of inputs, a set of out-
puts, and a first and a second output, said second
set of inputs of said address counter being con-
nected to said set of outputs of said address counter
control unit, said set of inputs of said address
counter control unit being connected to said sec-
ond set of outputs of said device for commutation
of output signals of said program matrix, the sec-
ond input of said address counter control unit being
connected to said first output of said third counter,
said first input of said address counter control unit
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being connected to said direct output of said single
digit Link register.

2. A sequential computing system as claimed in claim

1, wherein said at least one computer further comprises:

a synchroprogram commutation unit to change the
sequence of microinstructions, which sequence is
set by said synchroprogram matrix, having a first
and a second set of inputs and outputs, said second
set of inputs of said output decoder being con-
nected to said outputs of said synchroprogram
commutation unit and said first set of inputs of said
synchroprogram commutation unit being con-
nected to said outputs of said control signal unit,
such that said output decoder is electrically cou-
pled via said synchroprogram commutation unit to
said control signal forming unit, the second set of
inputs of said synchroprogram commutation unit
being connected to said fourth set of outputs of said
device for commutation of output signals of said
program matrix.

3. A sequential computing system as claimed in claim

1, wherein said at least one computer further comprises:

an output matrix for output of information having

inputs and outputs, said outputs of said output ma-

trix being connected to control outputs of said
computer,

a device for commutation of input signals of said
output matrix having inputs and outputs, said out-
puts of said device for commutation of input signals

- of said output matrix being connected to said inputs
of said output matrix;

a code conversion unit having a set of inputs, a first
and a second input and outputs, said set of inputs of
said code conversion unit being connected to one
of said series connected memory registers, said first
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input of said code conversion unit being connected

to said first output of the second counter, said sec-
ond input of said code conversion unit being con-
nected to said output of said device for commuta-
tion of output signals of said program matrix, said
outputs of said code conversion unit being con-
nected to said inputs of said device for commuta-
tion of input signals of said output matrix.

4. A sequential computing system as claimed in claim

1, wherein said second, third, tenth, eleventh and
twelfth gates have a second control input, which is
connected to said output of said device for commuta-
tion of output signals of said program matrix.

5. A sequential computing system as claimed in claim

1, to perform decimal arithmetic operations and form
constants, further comprising:

a thirteenth, a fourteenth, a fifteenth, a sixteenth, a
seventeen, an eighteenth and a nineteenth gate,
each of said gates having a control input connected
to said output of said microinstruction matrix, the
direct output of said last in order of said series
connected memory registers being connected via
said thirteenth gate to said second input of said
adder, an inverse output of said last in order of said
series connected memory registers being con-
nected via said sixteenth gate to said first input of
said adder, the direct output of said Link register
being connected via said seventeenth gate to said
third input of said adder, said first output of said
first counter being connected via said nineteenth
gate to said third input of said adder;

an AND circuit having a first and a second input and
an output, said second input being connected to
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said inverse output of said Link register, said out-
put being connected via said fifteenth gate to said
first input of said adder;

a first and a second OR circuit, each having inputs
and an output, said output of said second OR cir-
cuit being connected to said first input of said AND
circuit, said output of said first OR circuit being
connected via said fourteenth gate to said second
input of said adder, said inputs of said first and said
second OR circuit being connected to said set of
outputs of said first counter. |

6. A sequential computing system as claimed in claim
1, wherein said at least one sequential computer further
comprises:

an address register to produce complicated branching
of a program having a first and a second set of
inputs, a first and a second input, and a set of out-
puts, said first set of inputs of said address register
being connected to said first set of outputs of said
device for commutation of output signals of said
program matrix, said first input of said address
register being connected to said first output of said
address counter control unit, said second set of
inputs of said address register being connected to
control inputs of said computer, said second input

of said address register being connected to said
output of one of said series connected memory
registers, said outputs of said address register being
connected to said third set of inputs of said address
counter.

7. A sequential computing system as claimed in claim
6, wherein said at least one computer further comprises:

a multiple input gate having a set of inputs, an input
and an output, said set of inputs being connected to
said control inputs of said computer, said input
being connected to said second output of said ad-
dress counter control unit;

a flip-flop to enter digital information from penpheral
devices in said computer having an input and an
output, said input of said flip-flop being connected
to said output of said multiple input gate, said out-
put of said flip-flop being connected to said third
input of said address counter control unit and via
an eighteenth gate to said third input of said adder,
said eighteenth gate having a control input con-
nected to said outputs of said microinstruction
matrix.

8. A sequential computing system as claimed in claim
6, wherein in said at least one said computer, said series
connected memory registers and said accumulator reg-
ister are four digit shift registers, and all of said gates
and said adder are single channel;

said first counter of said controlled synchromzer
being used to determine the time required to pro-
cess four bits of information. |

9. A sequential computing system as claimed in clalm
6, wherein in said at least one said computer, said accu-
mulator register and said series connected memory
registers are multichannel shift registers;

said adder is multichannel;

all of said gates are multichannel;

~said control inputs of said multichannel gates being
combined and connected to said outputs of said
microinstruction matrix. |

10. A sequential computing system as claimed in
claim 6, wherein said at least one said computer further
COmMprises:
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a thirteenth gate placed between said direct output of
the last in order register of said series connected
memory registers and said second input of said
adder, said thirteenth gate having a control input
connected to said outputs of said microinstruction
matrix.

11. A sequential computing system as claimed in
claim 1, wherein said at least one computer further
comprises:

a twentieth gate to connect said direct output of said

accumulator register to an output of said computer

having a control input connected to said outputs of
said microinstruction matrix;
additional series connected registers to augment the
main memory of said computer having inputs and
outputs, said output of a last in order register of
said additional series connected registers being
connected via a twenty-first gate to said output of
said computer and via a twenty-second gate to said
first input of said adder, said twenty-first and said
twenty-second gate having a control input con-
nected to said outputs of said microinstruction
matrix, said input of a first register of said addi-
tional series connected registers being connected to
an input of said computer. |
12. A sequential computing system as claimed in
claim 1, wherein sequential computers are connected as
follows:
an input of each computer is connected to an output
of the next in order computer, an input of a last in
order computer is connected to an output of a first
in order computer, said synchronization output of
said first in order computer being connected to said
synchronization inputs of all the following comput-

ers.
13. A sequential computer system as claimed in claim

12, further comprising:
at least one external shift register having an mput
connected to said output of said first in order com-
puter;
at least one external shift register having an output
buffer device to connect said external shift register
to said computing system, said output buffer device
being connected to said input of said last in order
computer.
14. A sequential computing system as claimed In
claim 13, wherein the output buffer device comprises:
two followers having an input and an output, each of

said followers consisting of a first FET transistor j5q

having a drain, a source and a gate, a second FET
transistor having a drain, a source and a gate, and a
positive feedback capacitor;

a first and a second clock pulse bus;

a common bus;

a first and a second supply bus;

a third FET transistor having a drain, a source and a
gate;

a fourth FET transistor having a drain, a source and
a gate;

a fifth FET transistor having a drain; a source and a
gate;

a sixth FET transistor having a drain, a source and a
gate;

~aseventh FET transistor having a drain, a source and 65

a gate;
an eighth FET transistor having a drain, a source and
a gate;
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a ninth FET transistor having a drain, a source and a

gate;

an inverter having an input and an output;
wherein said drain of said first FET transistor being

connected to said first clock pulse bus, said gate of
said first FET transistor being connected to said
input of its respective follower, said source of said
first FET transistor being connected to said output
of its respective follower and said drain of said

second FET transistor, said gate of said second
FET transistor being connected to said second
clock pulse bus, said source of said second FET

transistor being connected to said common bus,
said positive feedback capacitor being placed be-
tween said gate and said source of said first FET
transistor, said input of said first follower being
connected to said output of said inverter, said input
of said inverter being connected to said mput of
said buffer device and said drain of said third FET
transistor, said gate of said third FET transistor
being connected to said second clock pulse bus,
said output of said first follower being connected to
said gate of said fourth FET transistor, said drain of
said fourth FET transistor being connected to said
first supply bus, said source of said fourth FET
transistor being combined into a first common
point with said drain of said fifth FET transistor,
said gate of said sixth FET transistor and said gate
of said ninth FET transistor, said source of said
fifth FET transistor being connected to said com-
mon bus, said gate of said fifth FET transistor
being connected to said output of said second fol-
lower, said source of said sixth FET transistor
being connected to said common bus, said drain of
said sixth FET transistor being combined into a
second common point with said source of said
seventh FET transistor and with said gate of said
eighth FET transistor, said drain of said seventh
FET transistor being connected to said first supply
bus, said gate of said seventh FET transistor being
combined with said source of said third FET tran-
sistor and said input of said second follower, said
drain of said eighth FET transistor being con-
nected to said second supply bus, said source of
said eighth FET transistor being combined with
said output of said buffer device and said drain of
said ninth FET ftransistor, said source of said ninth
FET transistor being connected to said common
bus.

15. A sequential computing system as claimed in
claim 1, wherein in said at least one of said computers
said address counter comprises:

a system of series connected flip-flops, outputs of said

flip-flops being the outputs of said address counter;

a first set of gates interconnecting said system of

series connected flip-flops;

an inverter having an input and an output, said input

of said inverter being connected to said output of a
next to last in order flip-flop, said output of said
inverter being connected via a first gate to an input
of a first in order flip-flop;

a second set of gates interconnecting inputs of said

flip-flops to said first set of inputs of said address
counter;

a third set of gates interconnecting said inputs of said

flip-flops to said third set of inputs of said address
counter;
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control inputs of said gates of each of said sets of
gates and of said first gate being connected to said
second set of inputs of said address counter.

16. A sequential computing system as claimed in

claim 1, wherein in said at least one computer, each of
said devices for commutation of input signals of said
program matrix, said synchroprogram matrix and said
microinstruction matrix comprises:

a first, a second and a third clock pulse bus;

an address signal bus;

a common bus;

a decoder having a common input, address inputs,
and outputs, said decoder providing conduction
between said common input and one of said outputs
of said decoder, depending upon which code has
been applied to said address inputs of said decoder:
a discharge device having inputs and outputs, said
discharge device consisting of FET transistors
having drains, sources and gates, said drains of said

FET transistors being connected to said inputs of 20
said discharge device, said gates of said FET tran-

sistors being connected to said first clock pulse bus,
said sources of said FET transistors being con-
nected to said common bus, said inputs of said
discharge device being connected to said outputs
of said decoder and said inputs of said respective
matrix;

an inverter having an input and an output, said output
of said inverter being connected to said common
input of said decoder, said input of said inverter
being connected to said first clock pulse bus;

first and second exciting circuits having an input and
an output, said output of each of said exciting cir-
cuits being connected to the respective address
input of said decoder, each of said first exciting
circuits of said decoder consisting of a positive
teedback capacitor, a first FET transistor having a
drain, a source and a gate, a second FET transistor
having a drain, a source and a gate, said drain of
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said first FET transistor being connected to said 40

address signal bus and serving as said input of said
first exciting circuit, said gate of said first FET
transistor being connected to said second clock
pulse bus, said source of said first FET transistor

being connected to said gate of said second FET 45

transistor, said source of said second FET transis-
tor being connected to said third clock pulse bus,
said drain of said second FET transistor being con-
nected to said output of said first exciting circuit,
said positive feedback capacitor being placed be-
tween said drain and said gate of said second FET
transistor, each of said second exciting circuits of
said decoder consisting of a third FET transistor
having a drain, a source and a gate, a fourth FET
transistor having a drain, a source and a gate, a fifth
FET transistor having a drain, a source and a gate,
a switchable capacitor having an electrode and a
control electrode, said source of said third FET
transistor being connected to said second clock
pulse bus, said gate of said third FET transistor
being connected to said address signal bus and
serving as said input of said second exciting circuit,
said drain of said third FET transistor being con-
nected to said source of said fourth FET transistor
and said gate of said fifth FET transistor, said gate
and said drain of said fourth FET transistor being
connected to said second clock pulse bus, said
drain of said fifth FET transistor being connected
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to said output of said second exciting circuit, said
source of said fifth FET transistor being connected
to said third clock pulse bus, said switchable capac-
itor being placed between said source and said gate
of said fifth FET transistor, said control electrode
of said swithchable capacitor being connected to
said gate of said fifth FET transistor, said electrode
of said switchable capacitor being connected to
said source of said fifth FET transistor.

17. A sequential computing system as claimed in
claim 1, wherein in said at least one computer, the de-
vice for commutation of output signals of the program
matrix comprises:

a decoder having inputs, address inputs and outputs,

saild decoder providing conduction between said
inputs and said outputs, depending upon which
code has been applied to said address inputs of said
decoder;

an address bus;

a first, a second and a third clock pulse bus;

a supply bus;

a charger having inputs and outputs, said charger

consisting of FET transistors having drains,
sources and gates, said sources of said FET transis-
tors being connected to said outputs of said char-
ger, said gates of said FET transistors being con-
nected to said first clock pulse bus, said drains of
said FET transistors being connected to said sup-
ply bus, said outputs of said charger being con-
nected to said inputs of said decoder and said out-
puts of said program matrix;

first and second exciting circuits of said decoder hav-

ing an input and an output, said output of each
exciting circuits being connected to said respective
address input of said decoder, each of said first
exciting circuits consisting of a first FET transistor
having a drain, a source and a gate, a second FET
transistor having a drain, a source and a gate, a
positive feedback capacitor, said drain of said first
FET transistor being connected to a said address
signal bus and serving as said input of said first
exciting circuit, said gate of said first FET transis-
tor being connected to said second clock pulse bus,
said source of said first FET transistor being con-
nected to said gate of said second FET transistor,
said source of said second FET transistor being
connected to said third clock pulse bus, said drain
of said second FET transistor being connected to
said output of said exciting circuit, said positive
feedback capacitor being placed between said drain
and said gate of said second FET transistor, each of
said second exciting circuits of said decoder con-
sisting of a third FET transistor having a drain, a
source and a gate, a fourth FET transistor having a
drain, a source and a gate, a fifth FET transistor
having a drain, a source and a gate, a switchable
capacitor having a control electrode and an elec-
trode, said source of said third FET transistor
being connected to said second clock pulse bus,
satd gate of said third transistor being connected to
sald address signal bus and serving as said input of
said second exciting circuit, said drain of said third
FET transistor being connected to said source of
said fourth FET transistor and said gate of said fifth
FET transistor, said gate and said drain of said
fourth FET transistor being connected to said sec-
ond clock pulse bus, said drain of said fifth FET
transistor being connected to said output of said
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second exciting circuit, said source of said fifth able capacitor being connected to said source of
FET transistor being connected to said third clock said fifth FET transistor.

pulse bus, said switchable capacitor being placed

between said source and said gate of said fifth FET 15 A sequential computing system as claimed in
transistor, said control electrode of said switchable 5 claim 1, wherein each of said computers is built on one

capacitor being connected to said gate of said fifth  semiconductor substrate.
FET transistor, said other electrode of said switch- * * x 2 *
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